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WKH WHFKQLTXH LVZHOO HVWDEOLVKHG IRU VWUXFWXUDORSWLPLVDWLRQXVLQJ VWRFKDVWLF WHFKQLTXHV VXFKDVJHQHWLF
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WKH
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 DQ
RSWLPLVDWLRQDOJRULWKPVWKDWSURSRVHVQHZVHWVRIGHVLJQYDULDEOHVWRHYDOXDWH&XUUHQWO\WKHRSWLPLVDWLRQ
DOJRULWKPPRVWRIWHQLVDVWRFKDVWLFDOJRULWKPZKLFKW\SLFDOO\UHTXLUHVPDQ\KXQGUHGVRIHYDOXDWLRQVWR
FRQYHUJH WR WKHRSWLPDOGHVLJQ$OWKRXJKFRVWO\ LQFRPSXWH WLPH WKHZRUNIORZFDQEHEXLOWPRGXODUO\
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HVVHQWLDOIRUGHVLJQLQJOLJKWZHLJKWYHKLFOHVWKDWVDWLVI\VWULQJHQWHQYLURQPHQWDODQGVDIHW\UHTXLUHPHQWV
DVZHOODVKLJKFXVWRPHUGHPDQGV
)OXLG RSWLPLVDWLRQ DOVR SOD\V DQ LPSRUWDQW SDUW LQ YHKLFOH GHVLJQ VXFK DV GUDJPLQLPLVDWLRQ KHDWLQJ
FRROLQJ FDWDO\VW IORZ DFRXVWLFV DQG HQJLQH JDV H[FKDQJH 5XQ WLPHV IRU D &RPSXWDWLRQDO )OXLG
'\QDPLFV&)'FDVHDUHVLJQLILFDQWZKLFKSURKLELWVIRUURXWLQHGHVLJQWKHXVHRIVWRFKDVWLFRSWLPLVDWLRQ
DSSURDFKHV
*UDGLHQWEDVHG RSWLPLVDWLRQ PHWKRGV DUH DQ DOWHUQDWLYH WR VWRFKDVWLF PHWKRGV DQG RIIHU VLJQLILFDQWO\
UHGXFHGFRPSXWDWLRQWLPHV+RZHYHUWKH\UHTXLUHWKHFRPSXWDWLRQRIWKHVHQVLWLYLW\RIWKHFRVWIXQFWLRQ




)RU HIILFLHQW JUDGLHQW FRPSXWDWLRQ VSHFLDOLVW VROYHUV IRU WKH DGMRLQW HTXDWLRQV KDYH EHHQ GHYHORSHG LQ
$HURQDXWLFV >-DPHVRQ  3HWHU @ DQG 7XUERPDFKLQHU\ >*LOHV @ ZKLFK DOORZ WR FRPSXWH










E DXWRPDWHG EXW JHQHUDO GHVLJQ SDUDPHWULVDWLRQV WKDWPLQLPLVH XVHU LQSXW DQG DOORZ WR VSHFLI\ EXLOG
VSDFHDQGXOWLPDWHO\PDQXIDFWXULQJFRQVWUDLQWVDQG




$Q LPSURYHPHQW RYHU WKH VWRFKDVWLF VDPSOLQJ RI WKH GHVLJQ VSDFH LV WR GHVFHQG GRZQKLOO WRZDUG D
PLQLPXP 7KH RSWLPXP LV UHDFKHG ZKHQ WKH JUDGLHQW G/GD RI WKH FRVW IXQFWLRQ / ZUW WKH GHVLJQ







JUDGLHQW GLUHFWLRQ LV IROORZHG0RUH DGYDQFHG PHWKRGV XVH TXDGUDWLF UDWKHU WKDQ WKH GHVFULEHG OLQHDU
DSSUR[LPDWLRQWRWKHIXQFWLRQLQRUGHUWRLPSURYHFRQYHUJHQFH>1RFHGDO@
7KH PDLQ DGYDQWDJH RI JUDGLHQWEDVHG PHWKRGV RYHU VWRFKDVWLF PHWKRGV LV WKDW FRQYHUJHQFH WR WKH
RSWLPXPLVPXFKPRUHUDSLGW\SLFDOO\LQYROYLQJYHU\IHZGHVLJQVWHSVWRZDUGDQDFFHSWDEOHHQJLQHHULQJ
DSSUR[LPDWLRQRIWKHRSWLPXPDQGKHQFHRQO\YHU\IHZIORZILHOGHYDOXDWLRQV7KLVLVIXUWKHUUHGXFHGLQ
PHWKRGV WKDW VLPXOWDQHRXVO\ FRQYHUJH IORZ DQGGHVLJQYDULDEOHV DQG FRPSXWH D IXOO\ FRQYHUJHG IORZ
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ILHOG RQO\ IRU WKH ILQDO GHVLJQ 6DPSOH FDVHV LQ WKH OLWHUDWXUH >6FKPLGW @ KDYH GHPRQVWUDWHG WKDW
RSWLPDOVKDSHVFDQEHFRPSXWHGLQWLPHVWKHWLPHRIWKHFRVWRIDVLPSOHIORZILHOGDQDO\VLV
7KHUHDUHGRZQVLGHVKRZHYHU$VRQO\YHU\ IHZ IORZ ILHOGDQDO\VHVDUHFRQGXFWHG WKHXVHUFDQQRW
SRVWSURFHVV WKH VHW RI DQDO\VHV WRPDQXDOO\SLFNSUHIHUUHG VROXWLRQV DV LV RIWHQGRQHZKHQ WUDGLQJRII




RSWLRQV7KLVPD\KDSSHQHJ LQ WRSRORJ\RSWLPLVDWLRQ6HFZKHUH WKHDOJRULWKPVPD\FRQYHUJH WR
RQHRIPDQ\ORFDOPLQLPD)XUWKHUH[SHULHQFHZLWKDSSOLFDWLRQVZLOOVKRZZKHWKHUWKHVHPLQLPDDQHDU
HTXLYDOHQWWRLQGXVWULDOSUDFWLFHRUZKHWKHUDJOREDOLVDWLRQVWUDWHJ\KDVWREHDGGHG




58D           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
6ROYLQJWKHDGMRLQWV\VWHP
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G/GD /DY7I         

7KH VROXWLRQY WR WKH DGMRLQW HTXDWLRQ  GRHV QRW GHSHQG RQ WKH FKRLFH RI GHVLJQ YDULDEOHDL LW RQO\
GHSHQGVRQ WKH FKRLFHRI FRVW IXQFWLRQ WKURXJKJ7KH VRXUFH WHUP I LQ WKH DGMRLQW VHQVLWLYLW\  GRHV
GHSHQG RQ D EXW LV LQH[SHQVLYH WR HYDOXDWH 8VLQJ WKH DGMRLQW WKH FRVW RI HYDOXDWLQJ VHQVLWLYLWLHV LV
HVVHQWLDOO\FRQVWDQW LQGHSHQGHQWRIWKHQXPEHURIGHVLJQYDULDEOHV+HQFHLQWKHW\SLFDO LQGXVWULDOFDVH
ZKHUH WKHUH DUH PDQ\PRUH GHVLJQ YDULDEOHV WKDQ FRVW IXQFWLRQV FRPSXWLQJ DGMRLQW VHQVLWLYLWLHV LV DQ
HVVHQWLDOLQJUHGLHQWWRIOXLGRSWLPLVDWLRQ
$GMRLQWVROYHUGHYHORSPHQW
7KH V\VWHP -DFRELDQ LQ W\SLFDO &)' FRGH LPSOHPHQWDWLRQV LV QHYHU DVVHPEOHG H[SOLFLWO\ EXW WKH IOX[





 DSSURDFK WKH IORZ HTXDWLRQV DUH OLQHDULVHG WUDQVSRVHG VXSSOLHG ZLWK DSSURSULDWH
ERXQGDU\ FRQGLWLRQV DQG WKHQ GLVFUHWLVHG >-DPHVRQ @ &RQYHFWLYH FKDUDFWHULVWLFV LQ WKH DGMRLQW
UHYHUVH WKHLU GLUHFWLRQ WKH\ DUH WUDFHG EDFNZDUG LQ WLPH IURP WKH ORFDWLRQ ZKHUH WKH FRVW IXQFWLRQ LV
GHILQHG WR WKHLU RULJLQ HJ DQ LQIORZERXQGDU\7KLV LPSOLHV WKDW DGMRLQW XSZLQGGLVFUHWLVDWLRQVRI WKH
FRQYHFWLYH WHUPV DOVR QHHG WR UHYHUVH GLUHFWLRQ 7KH FRQWLQXRXV DGMRLQW -DFRELDQ DULVLQJ IURP D
FRQWLQXRXVGLVFUHWLVDWLRQLVQRWWKHH[DFWWUDQVSRVHRIWKHGLVFUHWLVDWLRQRI5ZKLFKPD\OHDGWRVWDELOLW\
SUREOHPV +RZHYHU WKH FRQWLQXRXV DSSURDFK FDQ EH LPSOHPHQWHG UDSLGO\ DQG HIIHFWLYHO\ LQ WHUPV RI
PHPRU\ DQG &38 FRVW )LUVW FRQWLQXRXV VROYHUV IRU WKH ' (XOHU HTXDWLRQV ZHUH GHPRQVWUDWHG E\
-DPHVRQ LQ  RQ VWUXFWXUHG JULGV RYHU WKH \HDUV WKLV KDV EHHQ H[WHQGHG WR WKH ' 1DYLHU6WRNHV
HTXDWLRQVRQXQVWUXFWXUHGJULGV,QWKH)ORZ+HDGSURMHFWWZRFRQWLQXRXVDGMRLQWIORZVROYHUVKDYHVHHQ
IXUWKHULPSURYHPHQWLQFDSDELOLW\VXSSRUWIRUFRVWIXQFWLRQVUHOHYDQWWRDXWRPRWLYHRSWLPLVDWLRQDQGLQ
SDUWLFXODU LQ WHUPV RI VWDELOLW\ DQG UREXVWQHVV 7KHVH FRGHV DUH WKH RSHQVRXUFH DGMRLQW YDULDQW RI
2SHQ)2$0>ZZZ2SHQ&)'FRP@DQGWKHOLFHQVHVXSSRUWHGDGMRLQWYDULDQWRI3DP)ORZRI(6,$VDQ








³UHYHUVHGLIIHUHQWLDWLRQ´ >*ULHZDQN@7KLV SURFHVV LV WHGLRXV EXW VWUDLJKWIRUZDUG DQGPHWKRGLFDO
KHQFHFDQEHDXWRPDWHGE\DSSO\LQJ$XWRPDWLF'LIIHUHQWLDWLRQVRIWZDUHWRROV$'WRROVRYHUWKHVRXUFH
FRGH >*ULHZDQN +DVFRHW @7KH IDFW WKDW WKH GLIIHUHQWLDWLRQ SURFHVV FDQ EH DXWRPDWHG LV DQ
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HVVHQWLDO LQJUHGLHQW RI WKH GHYHORSPHQW RI DGMRLQW VROYHUV H[SHULHQFH VKRZV WKDWPDQXDO DGMRLQW FRGH
PDLQWHQDQFHLVWRRFRPSOH[DQGWLPHFRQVXPLQJIRUWKHDGMRLQWFRGHWREHPDLQWDLQHGDWWKHOHYHORIWKH






















IXQFWLRQDO GHULYDWLYH IRU SURJUDPV WKDW ZHUH QRW VXEVWDQWLDOO\ UHZULWWHQ IRU $' DQG KDYH VLJQLILFDQW
ODQJXDJH DQG DOJRULWKPLF FRPSOH[LW\ $PDMRU HIIRUW KDV EHHQ XQGHUWDNHQ LQ )ORZ+HDG WR XVH$' WR
GHULYHDQDGMRLQWYHUVLRQRIDJHQHUDOSXUSRVHLQGXVWULDO LQFRPSUHVVLEOHIORZFRGHZULWWHQLQ)RUWUDQ
WKH$&(FRGHIURP(6,7KHUHZHUHWKUHHPDMRUDUHDVRIGHYHORSPHQWDWKHGHULYDWLRQRIWKHGLVFUHWH




7KH DSSURDFK WR WKH GHULYDWLRQ RI WKH GLVFUHWH DGMRLQW LV EDVHG RQ WKH GHVLUH WR DOORZ WKH DXWRPDWLF
GLIIHUHQWLDWLRQ WRRO WRGRDVPXFKRI WKHZRUNDVSRVVLEOH LQJHQHUDWLQJ WKHFRPSOHWHRSWLPLVHGDGMRLQW
DOJRULWKP7RWKDWHQGWKHHQWLUHDOJRULWKPWRFRPSXWHPHVKJHRPHWU\IORZILHOGDQGREMHFWLYHIXQFWLRQV




,Q WDQGHPZLWK WKH GHYHORSPHQW RI WKH DGMRLQW16 VROYHU WKH ERXQGDULHV RI ODQJXDJH H[SUHVVLYLW\
ZHUHDGYDQFHGZLWKUHVSHFWWRZKDWIHDWXUHVDUHSHUPLVVLEOHZKHQWKHVRXUFHFRGHLVEHLQJGLIIHUHQWLDWHG
E\WKH$'WRRO7KHIRFXVZDVRQGHYHORSLQJWKHXVHRIPRGHUQIHDWXUHVIRXQGLQ)RUWUDQVXFKDV
PRGXOHV GHULYHG GDWD W\SHV DUUD\V DQG SRLQWHUV +RZHYHU QRW DOO FRGH FRQVWUXFWV FRXOG EH FRUUHFWO\
GLIIHUHQWLDWHGE\VRXUFHWUDQVIRUPDWLRQ$'DVXVHGLQWKLVFDVH(JSRLQWHUVFDQEHGHDOWZLWKZKHQWKH\
DUH HVVHQWLDOO\ DUUD\ DOLDVHV EXW QRW HJ ZKHQ WKH SRLQWHU YDOXH LV FKDQJHG DW UXQWLPH WR SRLQW WR D
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&)' FRGH KDV OHG WR GHYHORSPHQWV LQ $' WRRO FDSDELOLW\ DQG DSSURDFKHV WR HIILFLHQWO\ H[WUDFW WKH
SHUWLQHQWVRXUFHFRGHSUHSURFHVVLWDQGSRVWSURFHVVWKHJHQHUDWHGGHULYDWLYHFRGH
9DOLGDWLRQRIWKHJHQHUDWHGDOJRULWKPVDUHSHUIRUPHGLQWZRVWHSV7KHILUVWLVWRJHQHUDWHWKHWDQJHQW
PRGH GHULYDWLYH DQG FRPSDUH VHOHFWHG VHQVLWLYLWLHV ZLWK ILQLWHGLIIHUHQFHV )LJXUH  6HQVLWLYLWLHV DUH
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6KDSHSDUDPHWULVDWLRQ
2QH RI WKH VWUHQJWKV RI WKH DGMRLQW DSSURDFK LV WKDW LW DOORZV WR XVH DUELWUDU\ FRVW IXQFWLRQV DQG
DUELWUDU\GHVLJQSDUDPHWULVDWLRQV ,QSDUWLFXODU WKH DGMRLQW DSSURDFK DOORZV WR HPSOR\ SDUDPHWULVDWLRQV
ZLWK D YHU\ ODUJH HYHQ UHGXQGDQW QXPEHU RI GHVLJQ YDULDEOHV WKHUH LV QR SUHVVLQJ QHHG WR UHGXFH WKH
GHVLJQVSDFHEHFDXVHRQO\DVPDOOQXPEHURISDUDPHWHUVFDQEHKDQGOHG7KLVHQDEOHVXVWRXVHDYDULHW\
RISDUDPHWULVDWLRQDSSURDFKHV$W\SLFDOVHWXSLVWRDSSO\WKHVKDSHGHIRUPDWLRQPRGHDLWRGLVSODFHWKH
ERXQGDU\PHVKSRLQWV[% WKH DGMRLQW VROYHUZLOO WKHQ UHOD[ WKLV GLVSODFHPHQW LQWR WKHGRPDLQRQWR WKH
LQWHULRUJULGQRGHV[+HQFHWKHVHQVLWLYLW\EHFRPHV

G/GD G/G[G[G[%G[%GD /[%Y7IG[G[%G[%GD    

7KH PHVKEDVHG GHULYDWLYHV G/G[ DQG G[G[% FDQ EH HYDOXDWHG E\ WKH DGMRLQW VROYHU DV WKH\ DUH
LQGHSHQGHQWRIWKHSDUDPHWULVDWLRQ$GLIIHUHQWLDWLRQRIWKHSDUDPHWULVDWLRQLVQHHGHGWRFRPSXWHG[%GD
,GHDOO\ WKH SDUDPHWULVDWLRQ XVHG LQ D JHQHUDOSXUSRVH GHVLJQ ZRUNIORZ ZRXOG VDWLVI\ WKH IROORZLQJ
UHTXLUHPHQWV D LW LVJHQHUDOSXUSRVHE LWXVHVPLQLPDOXVHU LQWHUYHQWLRQ WR VHW XSF LWKDVDGHVLJQ
VSDFH WKDW LV ULFK HQRXJK WR FDSWXUH DOOPRGHV UHTXLUHG WR UHDFK WKH RSWLPXP G LW LV FRPSXWDWLRQDOO\
HIILFLHQWH LWSURGXFHV WKHRSWLPDOVKDSHWRSRORJ\ LQD&$'GHVFULSWLRQ WKDWVXSSRUWV IXUWKHUDQDO\VHV
DQGPDQXIDFWXULQJ DQG I LW DOORZV WR LPSRVH FRQVWUDLQWV RQ WKH VKDSHWRSRORJ\&XUUHQWO\ WKHUH LV QR
SDUDPHWULVDWLRQ WKDW ZRXOG VDWLVI\ DOO RI WKH UHTXLUHPHQWV OLVWHG 6SHFLDOLVW ZRUNIORZV KDYH EHHQ








&$'EDVHG RSWLPLVDWLRQ LV DW WKH RSSRVLWH HQG RI WKH VSHFWUXP RI SDUDPHWULVDWLRQV 5RELQVRQ HW DO
>5RELQVRQ @ KDYH XVHG D SDUDPHWULVDWLRQ VHW XS LQ D VSHFLILF &$' V\VWHP &$7,$ DQG DSSOLHG
ILQLWHGLIIHUHQFLQJ WR REWDLQ G[%GD $VVXPLQJ WKDW WKLV SDUDPHWULVDWLRQ H[LVWV IRU RWKHU SXUSRVHV WKLV
DSSURDFKFDQVDWLVI\DEHDQGI+RZHYHUWKHPDQXDOVHWXSW\SLFDOO\VHYHUHO\OLPLWVWKHQXPEHURI
GHVLJQ YDULDEOHV DQG G PD\ QRW EH VDWLVILHG )XUWKHUPRUH WKH ILQLWHVL]H SHUWXUEDWLRQ LQ WKH ILQLWH
GLIIHUHQFLQJ UHVXOWV LQ WRSRORJLFDO FKDQJHV LQ WKH &$' JHRPHWU\ ZKLFK DIIHFW WKH UREXVWQHVV RI WKH
SURFHVV0RVWVHYHUHO\WKHUXQWLPHSHQDOW\LVVHYHUHDQGGFDQQRWEHDGHTXDWHO\VDWLVILHG$VRSSRVHG
WR XVLQJ WKH SURSULHWDU\ &$' SDUDPHWULVDWLRQ LQ WKH )ORZ+HDG SURMHFW D JHQHULF &$' DSSURDFK LV
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1RGHEDVHGSDUDPHWULVDWLRQ
,Q QRGHEDVHG RU SDUDPHWHUIUHH VKDSH RSWLPLVDWLRQ WKH VKDSH LV GHVFULEHG GLUHFWO\ E\ WKH VXUIDFH
GLVFUHWLVDWLRQDQGWKHSRVLWLRQRIHDFKERXQGDU\QRGH[%LVFRQVLGHUHGDVDGHVLJQYDULDEOH,QWKLVZD\DOO
WKH VKDSH LQIRUPDWLRQ LQWURGXFHG E\ WKH PHVK LV HPEHGGHG LQ WKH GHVLJQ VSDFH RI WKH RSWLPLVDWLRQ
SUREOHPOHDGLQJWRDEURDGGHVLJQVSDFHDQGQRQLQWXLWLYHGHVLJQV0RUHRYHUDGHVLJQFDQEHRSWLPLVHG
GLUHFWO\ DV LW LV GHILQHG IRU VLPXODWLRQZLWKRXW DGGLWLRQDO SDUDPHWULVDWLRQ+RZHYHU VSHFLDO VPRRWKLQJ
WHFKQLTXHV KDYH WR EH DSSOLHG WR JXDUDQWHH WKDW WKH UHVXOWLQJ VKDSH FRQVHUYHV VPRRWKQHVV DQG PHVK
TXDOLW\0RUHSUHFLVHO\WKHSRVLWLRQRIHDFKQRGHLVGHVFULEHGDVIROORZV

[V [VQQ[VWW          






























DQG YROXPH PHVK ,Q RUGHU WR PDLQWDLQ WKH TXDOLW\ RI WKH PHVK GXULQJ RSWLPLVDWLRQ DQ LQSODQH
UHJXODULVDWLRQPHWKRGLVSURSRVHG,QWKLVPHWKRGZKLFKLVLQVSLUHGE\IRUPILQGLQJ>%OHW]LQJHU@




%RWK RI WKH LQSODQH DQG RXWSODQH UHJXODULVDWLRQ PRGXOHV ZHUH HQFORVHG LQ DQ RYHUDOO RSWLPLVDWLRQ
ZRUNIORZ7KHRSWLPLVDWLRQPHWKRGXVHGKHUHLVVWHHSHVWGHVFHQWZLWKFRQVWDQWVWHSVL]HDQGWKHDGMRLQW














HDFKFDUU\LQJD ODWWLFHRIFRQWUROSRLQWV WKDWGHILQH WKHVXUIDFH7KHSURSRVHGDSSURDFK><X-DKQ
@ LV WRXVH WKHQRUPDOGLVSODFHPHQWRI WKH185%6FRQWUROSRLQWVDVGHVLJQYDULDEOHV7KHRSWLPDO
VKDSHWKHQH[LVWVDVDPRGLILHG%5HSDQGFDQEHZULWWHQWR67(3
7KH PDLQ FKDOOHQJH RI WKLV DSSURDFK LV WR PDLQWDLQ RU DFWXDOO\ HVWDEOLVK WKH GHVLUHG FRQWLQXLW\
VPRRWKQHVV EHWZHHQ SDWFKHV 3UHVVXUH LV YHU\ VHQVLWLYH WR FKDQJHV LQ ZDOO FXUYDWXUH KHQFH LQ WKH
VWUHDPZLVHGLUHFWLRQDGHVLJQHUW\SLFDOO\ZRXOGUHTXLUH*FRQWLQXLW\7KLVLVLPSOHPHQWHGE\GHILQLQJD
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VHW RI WHVW SRLQWV DORQJ WKH SDWFK LQWHUVHFWLRQV DQG GHULYLQJ FRQWLQXLW\ FRQGLWLRQV DW WKRVH WHVW SRLQWV
ZKLFKFDQEHVWDWHGDV
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DSSURDFKWKHRSWLPLVHGVKDSHILJEKDVEHHQZULWWHQEDFNWR67(3IRUPDWDQGUHQGHUHGE\&$7,$
VKRZLQJ WKDW WKH VKDSH LVDYDLODEOH LQD IRUPIRU IXUWKHUSURFHVVLQJ7KHVPRRWKQDWXUHRI WKH%VSOLQH
SDWFKHVLQWHUQDOO\HQVXUHVWKDWQRRVFLOODWRU\PRGHVDUHSUHVHQWDVRSSRVHGWRWKHQRGHEDVHGDSSURDFK
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$SSOLFDWLRQWRWRSRORJ\RSWLPLVDWLRQ
$VRSSRVHGWRIOXLGG\QDPLFVKDSHRSWLPLVDWLRQ&)'WRSRORJ\RSWLPLVDWLRQLVDUDWKHU\RXQJGLVFLSOLQH
ZLWK ILUVW QXPHULFDO UHDOLVDWLRQV GDWLQJ EDFN WR  >%RUUYDOO @ 6WDUWLQJ SRLQW IRU IOXLG G\QDPLF
WRSRORJ\RSWLPLVDWLRQ LVDYROXPHPHVKRI WKHHQWLUH LQVWDOODWLRQVSDFH%DVHGRQDFRPSXWDWLRQRI WKH
IORZ VROXWLRQ LQVLGH WKLV GRPDLQ D VXLWDEOH ORFDO FULWHULRQ LV DSSOLHG WR GHFLGHZKHWKHU D IOXLG FHOO LV




FRVW IXQFWLRQ ZUW WKH SRURVLW\ RI HDFK FHOO 7KH REWDLQHG VHQVLWLYLWLHV FDQ WKHQ EH SOXJJHG LQWR D
JUDGLHQWEDVHGRSWLPLVDWLRQDOJRULWKPSRVVLEO\ZLWKVRPHSHQDOLVDWLRQRILQWHUPHGLDWHSRURVLW\YDOXHV














































EHHQ VKRZQ 7KH DGMRLQW DSSURDFK KDV QHDU FRQVWDQW FRPSXWDWLRQDO FRVW ZLWK WKH QXPEHU RI GHVLJQ
YDULDEOHV KHQFH VXSSRUWV GHVLJQ SDUDPHWULVDWLRQV ZLWK DUELWUDU\ QXPEHUV RI GHVLJQ YDULDEOHV DV
GHPRQVWUDWHG KHUH IRU QRGHEDVHG SDUDPHWULVDWLRQV 7KH SURMHFW KDV EURXJKW VLJQLILFDQW DGYDQFHV ZLWK
PDWXULW\DQGUREXVWQHVVRIH[LVWLQJDGMRLQWVROYHUVEDVHGRQWKHFRQWLQXRXVDSSURDFK7KHVHVROYHUVDUH
QRZ UHDGLO\ DYDLODEOH DV RSHQVRXUFH DQG DV FRPPHUFLDOO\ VXSSRUWHG YDULDQWV DQG KDYH ERWK EHHQ




$ QXPEHU RI SDUDPHWULVDWLRQ DSSURDFKHV KDYH EHHQ FRQVLGHUHG LQ WKH SURMHFW 7KH QRGHEDVHG
DSSURDFK WUHDWV HYHU\ VXUIDFHPHVKSRLQW DV D GHVLJQYDULDEOH DQGRIIHUV IXOO\ DXWRPDWLF VHWXS DQG WKH
ODUJHVW SRVVLEOH GHVLJQ VSDFH 6XFFHVVIXO VPRRWKLQJ PHWKRGV KDYH EHHQ GHYHORSHG WR HQVXUH WKH
UHJXODULW\ RI WKH RSWLPDO VROXWLRQV DQG KDYH VXFFHVVIXOO\ EHHQ DSSOLHG WR ODUJH FDVHV $Q DOWHUQDWLYH
DSSURDFK KDV EHHQ GHYHORSHG WKDW XVHV WKH FRQWURO SRLQWV RI WKH 185%6 SDWFKHV LQ WKH ERXQGDU\
UHSUHVHQWDWLRQ %5HS RI D &$' PRGHO 7KLV DSSURDFK SURGXFHV WKH RSWLPDO VKDSH LQ &$' IRUP
DYDLODEOHIRUIXUWKHUDQDO\VLVDQGKDVEHHQGHPRQVWUDWHGRQFOLPDWHGXFWFDVHV
:RUNIORZVKDYHEHHQGHYHORSHGDQG LQGXVWULDOO\DSSOLHG WKDW LQWHJUDWH LQLWLDO WRSRORJ\RSWLPLVDWLRQ
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